Ensuring that patients undergo surveillance imaging after surgery is a key quality metric after many vascular procedures. It is unclear whether hospital participation in a national quality improvement registry such as the Vascular Quality Initiative (VQI) achieves this goal.
P ostoperative surveillance imaging is recommended by professional societies and regulatory agencies after most types of major vascular surgery procedures, particularly within the first year after endovascular aortic aneurysm repair, carotid interventions, and open and endovascular lower extremity interventions. Clinical practice guidelines recommend performing follow-up imaging studies to monitor for procedural complications and ensure durable long-term outcomes. [1] [2] [3] Despite these established guidelines, several recent studies have shown low compliance with follow-up imaging among patients in nationwide hospitals after major vascular procedures. [4] [5] [6] [7] As such, improving compliance with postoperative surveillance has been identified as a major opportunity for surgical quality improvement.
One strategy proposed to improve compliance with followup surveillance is through hospital participation in surgical quality programs, such as the Society for Vascular Surgery's Vascular Quality Initiative (VQI). The VQI was established in 2011 and currently includes 392 US hospitals in 46 states that systematically collect patient data and report risk-adjusted postoperative outcomes for major vascular procedures. 8, 9 Hospital participation in the VQI is voluntary, and participating centers agree to collect data on all consecutive eligible procedures, which are audited against claims data to avoid biased data collection and ensure accuracy. Centers also agree to collect data up to 1 year after the procedure, including appropriate follow-up imaging and clinical data pertinent to the procedure performed. Feedback is then provided to VQI participating hospitals and surgeons on their risk-adjusted outcomes and compliance with evidence-based process measures via semiannual reports. We hypothesize that participation in the VQI indicates that hospitals are making specific investments in quality assurance and that these efforts would result in higher-quality follow-up surveillance imaging after vascular procedures. To test this hypothesis, we designed this study to evaluate hospitals' rates of postoperative imaging after lower extremity interventions, carotid interventions, and endovascular aortic aneurysm repair before and after joining VQI using a difference-indifferences approach.
Methods

Data Sources and Study Population
We used the Centers for Medicare & Medicaid Services Provider Analysis and Review database to identify beneficiaries who underwent any of 5 major vascular surgery procedures at hospitals in the United States between January 1, 2007, and December 31, 2012. International Classification of Diseases, Ninth
Revision procedure codes were used to identify patients from the Part A Medicare claims data set who underwent an elective endovascular abdominal aortic aneurysm repair (EVAR), lower extremity bypass (LEB), peripheral vascular intervention (PVI), carotid endarterectomy (CEA), or carotid artery stenting (CAS). All patients with a fee-for-service, nonhealth maintenance organization plan who underwent 1 of these 5 procedures during the study period were included. The Medicare denominator files were used to assess patients' vital status at 1 year after their surgical procedure. This study was considered exempt from review by the Dartmouth Center for the Protection of Human Subjects. Informed consent was not required because the data were deidentified.
Medicare claims data were linked to patient data collected as part of the VQI between 2011 and 2013 ( Figure) . A list of all hospitals that participated in the VQI during this time period was obtained from the Society of Vascular Surgery Patient Safety Organization. All hospitals that joined the VQI between January 1, 2010, and December 31, 2012, and performed at least 10 surgical procedures within each vascular procedure type (PVI or LEB, EVAR, and CEA or CAS) were included in the analysis. These participating hospitals were then matched 1:1 to hospitals without VQI participation. Propensity scores were generated to match VQI hospitals with non-VQI hospitals based on baseline riskadjusted mortality and surgical volume for each of the 2 years before VQI participation started. An optimal caliper was used to obtain matches that were equal to 0.2 times the SD of the logit of the propensity scores.
10 A nearest-neighbor algorithm was used to obtain a 1:1 match without replacement between VQI and non-VQI hospitals. Control hospitals were considered in the same time period as the VQI hospitals who joined between 2010 and 2012. A match was found for every VQI hospital during their time period of interest.
Outcome Variables
The primary outcome variable used in this study was the proportion of patients who underwent each procedure and received a follow-up imaging study within the year after their procedure. Follow-up studies were selected to be specific for each type of procedure. For those who underwent EVAR, the primary outcome variable was the percentage of patients who also underwent abdominal duplex ultrasonography or abdominal computed tomography (CT) within the year after their procedure, based on Medicare claims data. For those who underwent LEB and PVI, the primary outcome variable was the percentage of patients who received an ankle-brachial index study or lower extremity duplex study within the year after their procedure, based on claims data. If an ankle-brachial index or duplex study was not performed, the percentage of patients who underwent lower extremity angiography or CT angiography was assessed. For those who
Key Points
Question Is hospital participation in the Vascular Quality Initiative associated with improved surveillance outcomes after vascular surgery over time?
Findings In this quasi-experimental study, results of a difference-in-differences analysis using propensity scores to match Vascular Quality Initiative and non-Vascular Quality Initiative participating hospitals showed no significant increase in follow-up imaging within 3 years after joining the Vascular Quality Initiative. Nearly half of patients fail to receive any surveillance imaging in the first year after surgery, irrespective of whether their procedure occurred in a Vascular Quality Initiative participating hospital.
Meaning Improving rates of surveillance imaging after vascular procedures represents an important opportunity for quality improvement, but using participation in surgical quality registries as a stand-alone strategy likely will not achieve this goal. underwent CEA or CAS, the primary outcome variable was the percentage of patients who also underwent carotid duplex ultrasonography or CT of the neck with contrast within the year after their procedure, based on claims data.
Difference-in-Differences Analysis
We used a difference-in-differences analytic approach 11 to measure the change in rates of follow-up surveillance imaging during the same time period for VQI hospitals compared with control (non-VQI) hospitals. Generalized linear models with a log link were used to analyze the association between compliance with follow-up imaging and VQI participation of their patient's procedure hospital. Patients from non-VQI hospitals were analyzed in the same time periods as their VQI matched hospital. Covariates included age, race, sex, median household income of patient zip code, dual eligibility status for Medicare and Medicaid, Charlson comorbidity score, VQI status of the procedure location, and flags indicating time period of procedure. To conduct the difference-in-differences analyses, interaction terms between the time period and VQI indicator were included in the regression models.
Sensitivity Analyses
In addition to the main analysis, we performed several sensitivity analyses. First, we evaluated whether imaging rates significantly increased if the follow-up window was expanded to 18 or 24 months. Second, we evaluated outcomes based on different US geographic regions. Third, we evaluated surveillance rates by procedure groups based on whether duplex ultrasonography was performed vs CT or angiography. Finally, we evaluated individual hospital performance in terms of rates of follow-up and compared the top quartile of VQI participating hospitals with the top quartile of control hospitals.
For all statistical models, P < .05 (2-sided) was used as the threshold for statistical significance. Model fit was assessed using goodness-of-fit analyses. Analyses were conducted using Stata, version14.1 (StataCorp), and SAS, version 9.4 (SAS Institute Inc).
Results
A total of 1 830 928 unique Medicare beneficiaries were identified during the study period. Each patient underwent at least 1 of 5 major vascular procedures within 2174 nationwide hospitals ( Figure) , while 1 098 557 patients (60.0%) underwent 2 procedures and 146 474 (8.0%) underwent 3 different procedures between 2008 and 2012. All vascular procedures were undertaken at a balance of both academic and nonacademic hospitals that were located throughout all geographical regions in the United States, primarily in urban regions ( Table 1) . Within these hospitals, of 3 228 111 total vascular procedures, a total of 1 530 102 patients (47.4%) had undergone EVAR, 1 403 067 patients (43.5%) had undergone either an LEB or PVI procedure, and 294 942 patients (9.1%) had undergone either a CEA or CAS procedure. The characteristics of patients undergoing these vascular procedures are shown in Table 2 and are representative of the demographic and comorbidity profiles commonly found among older patients undergoing major vascular procedures.
Follow-up Surveillance Imaging After Major Vascular Surgery
Surveillance imaging was performed within the first year after vascular surgery for 1 788 050 of 3 228 111 total vascular procedures (55.4%) during the study period. The proportion of patients who received surveillance imaging varied significantly depending on the specific type of procedure ( Table 3) . After CEA or CAS, 294 942 patients underwent either carotid Among all hospitals, the rate of compliance with any 1-year follow-up imaging study after major vascular procedures improved slightly during the study period, although this trend varied across the 3 procedure groups. The proportion of patients receiving a follow-up study after LEB or PVI procedures increased the greatest, followed by CEA and CAS procedures, whereas the proportion of patients receiving follow-up imaging studies after EVAR procedures was relatively flat during the time period (eFigure 1 in the Supplement).
Association of Hospital Participation in VQI With Follow-up Surveillance Imaging
A total of 133 hospitals enrolled in the VQI between January 1, 2011, and December 31, 2012. Of these, 65 hospitals were excluded because they did not perform more than 10 vascular surgery cases of each type, as determined by the claims during the time period. In total, 68 VQI participating hospitals were matched 1:1 to non-VQI control hospitals based on hospital volume and mortality to perform a difference-in-differences analysis (Figure) . The 68 VQI hospitals each had a minimum of 1 year and a maximum of 3 years of follow-up after enrollment in the quality improvement program, and they were well matched with control hospitals based on variables used in propensity score matching and other demographics, with no significant difference found in surgical volume, mortality, academic status, or urban and geographical locations (Table 1 ). In addition, there was no statistically significant difference in patient characteristics between VQI hospitals and control hospitals after propensity score matching (Table 2) .
Among both VQI participating hospitals and controlmatched hospitals, there was a slight trend toward improved compliance with follow-up imaging surveillance during the study period (Table 3) . However, when we used difference-indifferences analyses to compare the association of VQI participation with imaging follow-up after all vascular procedures, there was no statistically significant improvement in follow-up imaging associated with VQI participation during year 1 (relative risk, 0.99; 95% CI, 0.97-1.01), year 2 (relative risk, 0.98; 95% CI, 0.95-1.01), or year 3 (relative risk, 0.99; 95% CI, 0.96-1.03) after enrollment ( Table 4 ). This finding was consistent for imaging surveillance after EVAR, LEB or PVI, and CEA or CAS procedures, with no significant difference in risk-adjusted 1-year follow-up imaging among VQI participating hospitals during the 3 years after enrollment when compared with control hospitals.
In sensitivity analyses, we found that neither expanding the surveillance window to allow any follow-up study completed within 18 or 24 months after surgery nor comparing the top improving hospitals in both groups or between different geographical US regions changed outcomes of the difference-in-differences analysis. Finally, the proportion of surveillance imaging studies carried out using ultrasonography vs CT was not significantly different between VQI participating hospitals vs control hospitals during the study period (eFigure 2 in the Supplement).
Discussion
Routine surveillance imaging after common vascular surgery procedures is recommended to ensure clinical effectiveness, detect device failures, and allow for ongoing disease management for patients with vascular conditions. Given the importance of these tasks, imaging-based surveillance is endorsed as a quality measure by payers, regulators, and professional societies. [1] [2] [3] However, our study shows that nearly half of national Medicare beneficiaries do not receive follow-up Abbreviations: CAS, carotid artery stenting; CEA, carotid endarterectomy; EVAR, endovascular aortic aneurysm repair; LEB, lower extremity bypass; PVI, peripheral vascular intervention; VQI, Vascular Quality Initiative.
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Quality Improvement Registry Participation and Follow-up After Vascular Procedures surveillance during the first year after EVAR or lower extremity interventions irrespective of whether they underwent the intervention in a hospital that participated in the VQI. In comparison, there is high compliance with follow-up imaging after carotid interventions in both VQI and non-VQI participating hospitals. These findings suggest poor overall adherence to surveillance imaging guidelines, nearly 2-fold variation in postoperative imaging surveillance across different types of vascular procedures, and that participation in quality improvement initiatives is not, by itself, associated with improvements in adherence to surveillance imaging guidelines. Efforts to improve the quality of surgical and cardiovascular care delivered in the United States during the past decade have been concentrated on 2 main strategies. The first includes participation in regional or national quality improvement programs such as the VQI and programs like it, such as the National Surgical Quality Improvement Project (NSQIP). 8, 12 Second, routine compliance with evidence-based process measures is promoted as a means to improve patient outcomes. Although both of these strategies are undertaken in parallel, it is unclear to what extent hospital participation in surgical quality improvement programs affects implementation or compliance with process measures such as postoperative surveillance imaging. This issue has particularly gained attention after the recent publication of studies that found no significant improvement in risk-adjusted complication or mortality rates associated with hospital participation in the NSQIP. 13, 14 Although it was not necessarily surprising that quality improvement programs did not affect already low postoperative mortality rates, participation in these initiatives would still be expected to increase rates of evidence-based surveillance. 15 In particular, the VQI requires participating hospitals to follow up with patients for a year after their intervention and report the results of follow-up imaging studies within their database registry. Recent VQI data show that 1-year follow-up is achieved, on average, in more than 70% of all cases. 16 However, the fact that rates of follow-up vascular imaging did not improve during the 3 years after VQI enrollment suggests that other factors serve as barriers toward adherence to these evidence-based guidelines.
The question is what factors are contributing to these barriers? One factor may be related to the costs of surveillance imaging, insurance coverage, or expenses needed for travel to follow-up appointments. However, more than 93% of Medicare beneficiaries have Part B coverage for surveillance imaging, and fewer than 5% of claims for services are denied.
17,18 Thus, it is unlikely that financial barriers alone prevent patient follow-up. Another reason for low compliance with follow-up imaging suggested by recent studies are patient comorbidities and hospitallevel factors such as distance from the patient's home to the hospital. 4, 6, 19 However, a recent study suggested that patients with increasing comorbidities may actually be more likely to have follow-up imaging performed given their medical conditions. 5 In our study, the lack of association between VQI participation and rates of follow-up imaging after all 3 vascular procedures (EVAR, LEB or PVI, and CEA or CAS) using propensity-matched cohorts suggests that patient-level or hospital-level factors may not be the main reasons for noncompliance. On the contrary, our data suggest that noncompliance may be associated with variation in procedure-specific surveillance protocols. If monitoring and feedback via quality improvement programs do not improve surveillance imaging, what steps should be next? The answer will likely require a multifactorial approach that includes efforts to simplify surveillance protocols, use communication tools to provide reminders, and improve educational resources for patients. First, surveillance protocols could be simplified by modeling after carotid follow-up imaging where nearly 9 of 10 patients in VQI participating hospitals obtained surveillance using noninvasive, low-risk, low-cost, and readily available duplex ultrasonography. In comparison, surveillance imaging after EVAR continues to be undertaken with CT scans for most patients (eFigure 2 in the Supplement). In addition, EVAR procedures are also being performed in US hospitals by clinicians from specialties beyond vascular surgery, including interventional radiology, cardiology, and cardiac surgeons. Surveillance guidelines are not uniform across these specialties, and one solution is to develop multispecialty guidelines to advocate for an ultrasound-first approach after EVAR, with CT reserved only for patients with suggestion of endoleaks, graft migration, or other abnormal findings. Second, compliance with surveillance imaging may be improved through routine use of communication methods or tools that prompt patients for follow-up visits, including smartphone apps, text messages, telephone calls, or email reminders. Third, increasing patient access to educational resources will play a significant part in improving compliance with surveillance after surgery. Patient education starts in the clinic before surgery but needs to be reemphasized during the surgical hospitalization and postdischarge period with face-to-face teaching, print materials, and webbased or smartphone app resources. 20 However, improving this approach will also require clinicians to be better educated. This approach is where quality improvement programs such as the VQI prove invaluable. The VQI is currently organized into 18 separate regional groups, with participating hospitals collaborating on quality improvement efforts. There have already been several examples where organized efforts within VQI regions have led to improvements in compliance with perioperative process measures, including perioperative medication adherence, patching during CEA, protamine use, and intraoperative duplex scans during CEA. [21] [22] [23] [24] One example is the promotion of adherence to perioperative aspirin and statin therapy within VQI hospitals, which was observed to increase from 47% to 82% among patients undergoing abdominal aortic aneurysm repair and from 69% to 83% among patients undergoing carotid procedures. 25 Finally, follow-up imaging can be promoted among VQI and non-VQI hospitals alike using similar public awareness campaigns adopted by successful cancer surveillance programs. 26 
Limitations
There are several limitations to this study. First, surveillance imaging was determined retrospectively from claims data, and our data are observational. Differences in postoperative surveillance between patients treated in VQI hospitals and patients treated in non-VQI hospitals may be confounded by unmeasured socioeconomic variables and other factors that can influence access to care. Also, we were unable to assess whether lack of surveillance led to adverse outcomes. Second, while the use of 100% denominator Medicare claims is a reliable data set for assessing postoperative imaging among most beneficiaries with Part B coverage across US hospitals, it is not possible to determine whether patients underwent imaging studies covered by supplemental insurance that was not captured using claims data. Third, the specific reasons for noncompliance with surveillance imaging remain unknown, and it is unclear whether barriers exist at the clinician level. Fourth, we were unable to assess whether non-VQI control hospitals participated in other quality improvement initiatives such as the American College of Surgeon's National Surgical Quality Improvement Program, the University HealthSystem Consor- tium, or the American College of Cardiology's National Cardiovascular Data Registry for PVI. However, participation in these programs by control hospitals would not be expected to improve surveillance imaging or long-term follow-up. Finally, hospital participation in the VQI does not necessarily mean that individual surgical and nonsurgical clinicians are actively engaged in quality improvement.
Conclusions
Although postoperative surveillance imaging is performed for most patients after carotid artery interventions, our data suggest that nearly half of older patients in the United States do not receive any type of follow-up imaging after EVAR or lower extremity interventions. Moreover, these trends persist even among patients who undergo their vascular procedure in a VQI participating hospital where follow-up care is prioritized. Increasing the rates of surveillance imaging clearly represents an important opportunity for quality improvement, but using participation in surgical quality registries as a standalone strategy likely will not achieve this goal. To ensure that patients have durable outcomes after vascular procedures, we need to standardize protocols for follow-up imaging and extrapolate lessons learned in other successful surveillance programs such as cancer prevention.
